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This listing of claims will replace all prior versions and listings of claims in the application, 

IMoggfCMtm; 

1 . (Currently Amended) A head positioning apparatus, comprising: 

a magnetic head for recording / reproducing information on a rotary recording 
medium; 

a head support mechanism provided swingably on the recording medium while 
supporting the magnetic head; 

a coarse actuator for swinging the head support mechanism for coarsely 
positioning the magnetic head on the recording medium; 

a fine actuator provided in the head support mechanism for precisely positioning 
the magnetic head on the recording medium; 

a head position detector for detecting the head position representing the position of 
the magnetic head; and 

a fine movement control system for controlling the fine actuator based on the head 
position detected by the head position detector, 

the head positioning apparatus? further comprising: 

a head moving distance estimator for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF 
voltage generated in the coarse actuator; and 

a coarse movement control system for controlling the coarse actuator based 
on the head moving distance estimated by the head moving distance estimator; 
wherein the head moving di?t W $ estimate gpfflgligg? ft flteptott Wttt 
estimator faf «tiroatiPft * I*** 1 absolute speed representing the absolute speed of the 
magnetic head based on the VCM Back EMF vohage: and a coarse movement distance 
estimator for estimating the head moving distance based on the head absolute speed 
estimated by the head absolute speed estimator 
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wherein the fi ne movement control system comprises a fine movement controller 
fflf gCTlflffllfoff the control yifp^l for controlling the fine actuator based on the head 
position detected by the head position detector: and further comprises a fine movement 
head moving distance estimator for estimating the fine movement head moving distance 
representing the amount that the magnetic head is moved bv the fine actuator based on 
the control signal generated by the fine movement controller: and 

wherein the coarse movement moving distance estimator estimates the head 
moving distance bv defining the coarse movement head moving distance representing the 
amount that the magnetic head is moved bv the coarse actuator which is obtained bv 
subtracting the fine movement head moving distance estimated bv the fine movement 
head moving distance estimator from the head position detected bv the head position 
(feteflgr, ft? gn initial yafos, 

2. The head positioning apparatus according to claim I, wherein the coarse actuator comprises a 
voice coil motor 

3. (Cancelled) x 

\ 

4. (Currently Amended) The head positioning apparatus according to claim ZL wherein the 
coarse movement moving distance estimator estimates the head moving distance based on the 
integration of the head absolute speed. 

5. (Currently Amended) The head positioning apparatus according to claim *L wherein the 
coarse movement moving distance estimator estimates the head moving distance based on the 
integration of the head absolute speed by setting the initial value of the head moving distance to 
zero. 

6. (Cancelled) 
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7< (Currently Amended) The head positioning apparatus according to claim 6_L wherein the 
coarse movement control system receives any of the coarse movement head moving distance 
obtained by subtracting the fine movement head moving distance from the head position, the 
head moving distance estimated by the coarse movement moving distance estimator, and the 
head position detected by the head position detector, in accordance with the magnitude of the 
fine movement head moving distance estimated by the head moving distance estimator and the 
error with respect to a targeted position of the head position detected by the head position 
detector. 

8, ( Currently Amended^ A head positioning apparatus, comprising: 

a magnetic head for recording / reproducing information on a rotary recording 
medium: 

a head support mechanism provided swingablv on the recording medium while 

suppprtiflff ftp pffigrefc frreti; 

a coarse actuator for swinging the head support mechanism for coarsely 
positioning the magnetic head on the recording medium: 

a fine actuator provided in the head support mechanism for precisely positioning 
the magnetic head on the recording medium: 

a head position detector for detecting the head position representing the position of 
the magnetic head; and 

a fine movement control system for controlling the fine actuator based on the head 
position detected bv the head position detector. 

the head positioning apparatus further comprising: 



representing a distance the magnetic head moves based on VCM Back EMF 
voltage generated in the coarse actuator: and 

a coarse movement control system for controlling the coarse actuator based 
on the head moving distance estimated bv the head moving distance estimator: 
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wherein the head moving distance estimator comprises a head absolute speed 
estimator for estimating a head absolute speed representing the absolute speed of the 
magnetic head based on the VCM Back EMF voltage: and a coarse movement distance 
estimator for estimating the head moving distance based on the head absolute speed 
estimated bv the head absolute soeed estimator. 

Th e bend positioning apparatus aoookling to oloim 3j wherein the fine movement 
control system comprises a fine movement controller for generating a fine control signal 
for controlling the fine actuator based on the head position detected by the head position 
detector; the coarse movement control system comprises a coarse movement controller 
for generating the coarse movement control signal for controlling the coarse actuator 
based on the head moving distance estimated by the head moving distance detector; and 
the head position detector further comprises a fine movement head moving distance 
estimator for estimating a fine movement head moving distance representing the amount 
that the magnetic head is moved by the fine actuator based on the fine movement control 
signal generated by the fine movement controller and the coarse movement control signal 
generated by the coarse movement controller, and 

wherein the coarse movement moving distance estimator estimates the head 
moving distance by defining the coarse movement head moving distance representing the 
amount that the magnetic head is moved by the coarse actuator, which is obtained by 
subtracting the fine movement head moving distance estimated by the fine movement 
head moving distance estimator from the head position detected by the head position 
detector, as an initial value. 

9. The head positioning apparatus according to claim 8, wherein the coarse movement 
controller receives any of the coarse movement head moving distance obtained by subtracting 
the fine movement head moving distance from the head position and the head moving distance 
estimated by the coarse movement moving distance estimator, in accordance with the magnitude 
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of the fine movement head moving distance estimated by the fine movement head moving 
distance estimator. 

1 0. (Currently Amended) The head positioning apparatus according to claim 4-13, wherein the 
fine movement control system comprises a fine movement controller for generating the control 
signal for controlling the fine actuator based on the head position detected by the head position 
detector; and the fine movement driving device for generating a driving signal for driving the 
fine actuator based on the control signal generated by the fine movement controller. 

11. (Cancelled) 

1 2. (Currently Amended) The head positioning apparatus according to claim 4J1, wherein the 
fine movement control system comprises a fine movement controller for generating the control 
signal for controlling the fine actuator based on the head position detected by the head position 
detector; the fine movement driving device for generating a driving signal based on the control 
signal generated by the fine movement controller; and a driving signal limiter for supplying a 
signal for limiting the level of the driving signal to be not more than the threshold value to the 
fine movement driving device based on the control signal from the fine movement controller. 

13. (Currently Amended) A head positioning apparatus, comprising: 

a magnetic head for recording / reproducing information on a rotary recording 
medium: 

a head support mechanism provided swingablv on the recording medium while 
su pporting the magnetic head: 

a coarse actuator for swinging th? fotf gupppfl mechanism for coarsely 
positioning the magnetic head on the recording medium: 

a fin$ gptuator provided in the head support mechanism fo r precisely positioning 
the magnetic head on the recording medium: 
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a head position detector for detecting the head position representing the position of 
the piagnetic head; pud 

a fine movement control system for controlling the fine actuator based on the bead 
position detected by the head position detector. 

the head positioning apparatus further comprising: 

a head moving distance estimator for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF voltage 

m$*rt$4 \n ft? ware? frfflffltor; ami 

a coarse movement control system for controlling the coarse actuator based on the 
head moving distance estimated bv the head moving distance estimators 
wherein the fine actuator comprises a piezoelectric element: 
the fine movement control system supplies a driving si gnal for driving the 
piezoelectric element to the piezoelectric element 

a level of the drivin g ftitlHll iff DOt more than a threshold value at which the 
property of the piezoelectric element changes: and 

the absolute value of the threshold value i? Iqrgf r tb^ n the absolute value of the 
decomposition voltage of lead: and 

Th e h e ed positioning apparatus according to claim 1 1, wherein the absolute value 
of threshold valve is larger than the absolute value of the decomposition voltage of water, 
and the voltage V (volt) of Ac driving signal and electric current I (ampere) flowing in 
the piezoelectric element satisfies the following relationship: 
(I/V)<10"* 

14. (Currently Amended) A head positioning apTOntttt^ wmpriging; 

a magnetic head for recording / reproducing information on a rotary recording 
medium: 

a head support mechanism provided swingablv on the recording medium while 
supporting thg mqgngtfc iKfift 
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a coarse actuator fot swinging the head support mechanism for coarsely 
positioning the magnetic head on th e recording medium: 

a fine actuator provided in the head support mechanism for precisely positioning 
the magnetic head on the recording medium: 

a head position detector for detecting the head position representing the position of 
the magnetic head; and 

a fine movement control system for controlling the fine actuator based on the head 
position detected by the head position detector. 

the head positioning apparatus further comprising: 
a head moving distance eatima^r for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF voltage 
generated in die coarse actuator: and 

a coarse movement control system for controlling the coarse actuator based on the 
head moving distance estimated by the head moving distance estimators 

wherein tfa^ ftrejtftuator wmpriffi ^piezoelectric gtemttrt; 

the fine movement control system supplies a driving signal for driving the 
Pi^eleqtrig element the pigreleflric element; 

a level of the driving signal is not more than a threshold value at which the 

property of the riezwlgctttt dement change; ^ 

the absolute value of the threshold value is larger than the absolute value of the 
decomposition voltage of lead; and 

The h e ad positioning apparatus according to claim 1 1 , wherein the absolute value 
of the threshold value is larger than the absolute value of the decomposition voltage of 
water, and the voltage V (volt) of the driving signal and the film thickness t (meter) of the 
piezoelectric element satisfies the following relationship: 
(V/t)<2x 10 7 . 
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15. (Currently Amend ed^A head positioning app aratus, comprising 

a magnetic head for recording / reproducing information on a rotary recording 
medium; 

a head support mechanism provided swingablv on the r ecording medium while 
supporting the magnetic head: 

a coarse actuator for swinging the head support mechanism for coarsely 
positioning the magnetic head on the recording medium: 

a fine actuator Provided in the head su pport mechanism for precisely positioning 
the magnetic head on the recording medium: 

a head position detector for detecting the head position representing the position of 
the magnetic head: and 

a fine movement control system for controlling the fine actuator basest on the head 
position detected bv the head position detector. 

the head positioni ng apparatus further comprising: 
a head moving distance estimator for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF voltage 
generated in the coarse actuator: and 

a coarse movement control system for controlling the coarse actuator based on the 
head moving distance estimated bv the head mo ving distance estimators 
wherein the fine actuator comprises a Piezoelectric element: 
the fine movement control system supplies a driving signal for driving the 
piezoelectric element to the piezoelectric element: 

a level of the driving signal is not more than a threshold value at which the 
property of the piezoelectric element changes: and 

the absolute value of the threshold value is larger than the absolute value of the 
decomposition voltage of lead: and 

Th e h e ad petitioning appamtuo according to claim 1 h wherein the absolute value 
of the threshold value is larger than the absolute value of the decomposition voltage of 
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water, and the driving signal has a voltage in which the electric resistance of the 
piezoelectric element is less than 1 Mil 

16. (Currently Amended ) A head positioning apparatus, comprising: 

r magnetic head for recording / rep roducing information on a rotary recording 
medium: 

a head support mechanism provided s wfogablv on the recording medium while 
frippprftpg th<? mflsnfffc head; 

a coarse actuator for swinging the head support mech anism for coarsely 
positioning the magnetic head on the recording medium: 

a fine actuator provided in the head support mechanism for precisely positioning 
the magnetic head on the iw>rHin R medium* 

a head position detector for detecting the head position representing the position of 
the magnetic head: and 

a fine movement control system for controlling the fine actuator based on the head 
position detected by the head position detector. 

the head positioning apparatus further comprising: 
E head rowing flgtomg Wtffflfltor for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF voltage 
generated in die coarse actuator: and 

a coarse movement control system for controlling the coarse actuator based on the 
head moving distance estimated by the head movin g distance estimator,: 
wherein the fine actuator comprises a piezoelectric element: 
the fine movement control system supplies a driving signal for driving the 
piezoelectric element to the piez oelectric element: 

a level of the driving signal is not more than a threshold value at which the 
property of the piezoelectric element changes: and 

11 
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the absolute value of the threshold val ue fa larper tha n the absolute value of the 
decomposition voltage of lead: and 

Tho bead petitioning oppatotua according to claim 1 1, wherein t he threshold 
value is set under the conditions in which die electric resistance value of the piezoelectric 
element is 1 Mil or more even if driving is carried out at the temperature of 85°C and the 
humidity of 90% for 500 hours continuously. 

17. (Currently Amended) A head positioning apparatus, comprising: 

a magnetic head for recording / reoro ducing information on a TOtarv recording 
medium: 

a head support mechanism provided swineablv on the recording medium while 
su pporting the magnetic head: 

a coarse actuator for swingmg the head support mechanism for coarsely 
positioning the magnetic head on t he recording medium: 

a fine actuator provided in the head support mechanism for precisely positioning 
the magnetic head on the recording medium: 

a head position detector for detecting the head position representing the position of 
the magnetic head: and 

a fine movement control system for controlling the fine actuator based on the head 
position detected bv the head position detector. 

the head positioning apparatus further comprising: 
a head moving distance estimator for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF voltage 
generated in the coarse actuator; and 

a coarse movement control system for controlling the coarse actuator based on the 
head moving distance estimated bv the head moving distance estimators 
wherein the fine actuator comprises a piezoelectric element: 
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the fine movement control system supplies a driving signal for driving the 
Pkwtottfc gfcmfltt V> fte pjezQelectrfc stent; 

a level oftbc driving signal is not more than a threshold value at which the 
property of the piezoelectric element changes; and 

the absolute value of the threshold value is larger than the absolute value of the 
fl^Qmprefon ygtfrgg Qfteaft and 

Th e head positioning apparatus according to claim 11, wherein in the case where 
the compensation amount of the piezoelectric element is zero, the fine movement control 
system outputs a constant value of offset voltage when the voltage applied to the 
piezoelectric element is zero or not more than a half of the threshold voltage; and in the 
case where the compensation amount of the piezoelectric element is not zero, the fine 
movement control system is control-driven by adding positive/negative voltage in 
accordance with the value of the compensation amount to the offset voltage. 

18. (Currently Amended lA head positioning apparatus, comprising: 

a magnetic head for recording / reproducing information on a rotary recording 
medium: 

a head support mechanism provided swineablv on the recording medium while 
supporting the magnetic head: 

a coarse actuator for swinging thg hgflfl flippy qwtifflMSm fof WWitiY 
positioning the magnetic head pq the recording medium; 

a fine actuator provided in the head support mechanism for precisely positioning 
the magnetic he^l pn ft? re9ffl»« medium; 

a head position detector for detecting the head position representing the position of 
tfre magnetic head; and 

a fine movement control system for controlling the fine actuator based on the head 
position detected bv the head position detector, 

the head positioning apparatus further comprising: 

13 
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a head moving distanc e estjfn^ n r for estimating a head moving distance 
representing a distance the magnetic head moves based on VCM Back EMF 
voltage generated in die coarse actuator: and 

a coarse movement control system for controlling the coarse actuator based 
on the head moving distance estimated bv the head moving distance estimator: 
¥ h e head petitioning apparatus according to oleum 1, wherein the head moving 
distance estimator comprises a head absolute speed estimator for estimating the head 
absolute speed representing the absolute speed of the magnetic head based on the VCM 
Back EMF voltage generated in the coarse actuator; 

the coarse movement control system comprises a coarse movement controller for 
generating the coarse movement control signal for controlling the coarse actuator based 
on the head moving distance estimated by the moving distance estimator; and 

the head positioning apparatus further comprises a load estimator for generating 
the disturbance compensation signal for estimating the disturbance acting on the head 
positioning apparatus based on the head absolute speed estimated by the head absolute 
speed estimator and the coarse movement control signal generated by the coarse 
movement controller. 

19. (New) The head positioning apparatus according to claim 8, wherein the coarse actuator 
comprises a voice coil motor. 

20. (New) The head positioning apparatus according to claim 8, wherein the coarse 
movement moving distance estimator estimates the head moving distance based on the 
integration of the head absolute speed. 

21 . (New) The bead positioning apparatus according to claim 8, wherein the coarse 
movement moving distance estimator estimates the head moving distance based on the 

14 
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integration of the head absolute speed by setting the initial value of the head moving distance to 
zero. 

22. (New) The head positioning apparatus according to claim 13, wherein the coarse actuator 
comprises a voice coil motor. 

23. (New) The head positioning apparatus according to claim 14, wherein the coarse actuator 
comprises a voice coil motor. 

24. (New) The head positioning apparatus according to claim 14, wherein the fine movement 
control system comprises a fine movement controller for generating the control signal for 
controlling the fine actuator based on the head position detected by the head position detector; 
and the fine movement driving device for generating a driving signal for driving the fine actuator 
based on the control signal generated by the fine movement controller. 

25. (New) The head positioning apparatus according to claim 14, wherein the fine movement 
control system comprises a fine movement controller for generating the control signal for 
controlling the fine actuator based on the head position detected by the head position detector, 
the fine movement driving device for generating a driving signal based on the control signal 
generated by the line movement controller; and a driving signal limiter for supplying a signal for 
limiting the level of the driving signal to be not more than the threshold value to the fine 
movement driving device based on the control signal from the fine movement controller, 

26. (New) The head positioning apparatus according to claim 15, wherein the coarse actuator 
comprises a voice coil motor. 

27. (New) The head positioning apparatus according to claim 15, wherein the fine movement 
control system comprises a fine movement controller for generating the control signal for 

15 
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controlling the fine actuator based on the head position detected by the head position detector; 
and the fine movement driving device for generating a driving signal for driving the fine actuator 
based on the control signal generated by the fine movement controller. 

28. (New) The head positioning apparatus according to claim 1 5* wherein the fine movement 
control system comprises a fine movement controller for generating the control signal for 
controlling the fine actuator based on the head position detected by the head position detector, 
the fine movement driving device for generating a driving signal based on the control signal 
generated by the fine movement controller; and a driving signal limiter for supplying a signal for 
limiting the level of the driving signal to be not more than the threshold value to the fine 
movement driving device based on the control signal from the fine movement controller. 

29. (New) The head positioning apparatus according to claim 16* wherein the coarse actuator 
comprises a voice coil motor. 

30. (New) The head positioning apparatus according to claim 16* wherein the fine movement 
control system comprises a fine movement controller for generating the control signal for 
controlling the fine actuator based on the head position detected by the head position detector, 
and the fine movement driving device for generating a driving signal for driving the fine actuator 
based on the control signal generated by the fine movement controller. 

3 1 . (New) The head positioning apparatus according to claim 1 6, wherein the fine movement 
control system comprises a fine movement controller for generating the control signal for 
controlling the fine actuator based on the head position detected by the head position detector; 
the fine movement driving device for generating a driving signal based on the control signal 
generated by the fine movement controller, and a driving signal limiter for supplying a signal for 
limiting the level of the driving signal to be not more than the threshold value to the fine 
movement driving device based on the control signal from the fine movement controller. 
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32. (New) The head positioning apparatus according to claim 17, wherein the coarse actuator 
comprises a voice coil motor. 

33. (New) The head positioning apparatus according to claim 1 8, wherein the coarse actuator 
comprises a voice coil motor. 
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